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It has been known for many years that the content of certain naturally occurring substances in the diet affects the time needed to produce liver tumours in rats by feeding p-dimethylaminoazobenzene (DMAB) . Both (1943) found that pyridoxiii increased the carcinogenic effect.
Howell (1958) , in extending work originally designed to produce pigmentary cirrhosis in the rat, discovered that feeding cupric oxyacetate (CuAc) gave a good degree of protection against the carcinogenic effect of simultaneous DMAB.
Althougb Maisin and Lambert (1960) , in a paper describing the prophylactic effect on DMAB careinogenesis of beef liver and fractions derived therefrom, did not obtain inhibition by giving " substantial amounts " of copper with their basic rice diet, we have consistently obtained marked inhibition by giving 0-5 per cent CuAc in a maize diet as used by Howell (1958) . The work described here was undertaken to investigate the effect of the copper on the underlying biochemical changes associated with DMAB carcinogenesis using liver homogenates and subceRular fractions, particularly with respect to the contents of protein nitrogen, RNA and DNA phosphorus and copper, and the activity of the suceinoxidase enzyme system.
MATERIALS AND METHODS

Animals
In the experiments described in this paper, 18 female albino rats of our outbred laboratory stock, 4-5 montbs old, were used.
They were kept in galvanised, wire mesh cages, not more than five to a cage. Water was always available, and the diets were given in galvanised troughs moistened witb tap water five days a week. In this way, there was (1954) and Applemans et al. (1955) .
Biochemical investigations
The activity of the succinoxidase enzyme system is known to be low in the hver tumours produced by the azo dyes (e.g. Schneider and Potter, 1943) and the activity of the system was measured in afl homogenates and subeeflular fractions as a means of estimating biochemically the degree of tumour involvement of each hver. Since the enzyme activity varies between samples even with a normal liver, it was essential that the whole organ was chopped and minced thoroughly before fractionation so that the sample of parenchymatous pulp taken for preparing the subeellular fractions was representative of the liver as a whole.
The manometric method of these workers was used for the assay of suceinic dehydrogenase and cytochrome oxidase, the two enzymes of the suceinoxidase system.
The nitrogen content of all samples was determined by micro-Kjeldahl digestion followed by nesslerisation.
The copper content of the samples was determined colorimetrically using biscyclohexanoneoxalyldihydrazone. The use of this reagent was first proposed by Nilsson (1950) , and experiments performed in these laboratories on the microdetermination of copper in animal tissues have shown that this is a satisfactory and reliable method.
FinaHy, all the suspensions were assayed for RNA and DNA. The nucleic acids were extracted by the procedure of Schmidt and Thannhauser (1945) , suitably modified to allow micro techniques, with colorimetric phosphate determinations by the method of Holman (1943) .
RESULTS
General
None of the dietary groups showed any obvioU8 impairment of health, and there were no deaths from infection or other adventitious causes.
In general, the addition of copper to the diet was found to delay the biochemical changes associated with DMAB feeding but did not completely eliminate them.
All the rats increased in body weight throughout the experiment, and since the liver weight increased markedly when tumours began to develop in the carcinogen fed group, there was a drop in the ratio of body weight to liver weight in the later stages of DMAB feeding.
The histology of the rat liver during similar treatment to that given here has been adequately described by HoweH (1958) . Brief The last DMAB fed animal was killed after 380 days, when the hver tumours became apparent from the swelling of the abdomen, and for comparison a rat from each of the other groups was killed at this time also.
Nitrogen assay
A decrease in the absolute amount of protein in the whole homogenate was found in the dye fed animals with a similar but less marked effect in the rats fed both chemicals.
Progressive changes were observed in the distribution over the particulate fractions in these two groups whilst the two control groups showed no such changes. There were decreases in the mitochondrial and microsomal fractions and an increase in the nuclei when the carcinogen was fed. The group fed the copper salt plus DMAB showed similar changes but these were much less pronounced.
The absolute fall in nitrogen content of the whole homogenate was accentuated in the mitochondria since the proportion of the total found in these fractions also fell. The falls in heavy mitochondrial nitrogen for the two experimental groups are shown in Fig. 1 The effect on RNA of DMAB administration was not therefore so severe as the effect on nitrogen, but the additional feeding of copper significantly delayed the decrease in the nuclei and the increase in the final supernatant.
As with protein nitrogen, the RNA content was lower in the livers of the DMAB fed rats, and feeding copper in addition to the dye caused a partial inhibition of the depletion. This is shown by Fig. 2 The distribution of copper among the subcellular fractions was not affected by DMAB feeding. For both the maize only and maize + DMAB groups the 11 distribution was 36-9 per cen-t in the nuclei, 18-6 and 20-1 per cent in the two mitochondrial fractions, only 6-3 per cent in the microsomes and 15-5 per cent of the total copper content was recovered in the final supernatant. The values are subject to an estimated experimental error of ± 0-071 times the value.
When the copper-supplemented diets were fed, the excess copper was stored chiefly in the two mitochondrial fractions as shown by Fig. 3. Copper storage has also been demonstrated in copper fed animals histochemically (Howell, 1959) .
Succinoxidase a88ay
The distributions of succinic dehydrogenase and cytochrome oxidase activities were unaffected by the diets and are shown diagrammatically in Fig. 4 .
The relatively large proportion of the total activity present in the final supernatant requires some comment since the succinoxidase system is considered to be localised in the mitochondria. (Schneider and Petermann, 1950; Hogeboom, Schneider and Striebich, 1952) . This is attained at the cost of an adverse effect on the clean separation of components in the later stages of the fractionation.
Suceinic dehydrogenase
The addition of the complexing agent ethylenediamine tetraacetic acid (EDTA) to the medium protects the mitochondria, probably by a mechanism involving the complexing of calcium ions (Slater and Cleland, 1952 
